Migraine is a common neurovascular primary headache disorder marked by recurrent episodes and attacks of disabling head pain with additional symptoms such as queasiness, vomiting, photophobia, sonophobia and visual distortions in some sufferers (Silberstein, 2004; Stuart et al., 2012) . Migraine has been identified by WHO amongst the top twenty principal causes of disability across the globe (WHO, 2001; Leonardi et al., 2005) . It is known to affect about 12% of the general population with clear predominance of migraine attacks in women over men (Lipton and Bigal, 2005; Joshi et al., 2009) . International Headache Society (IHS) has classified migraine into two major subdivisions viz., migraine without aura (MO) and migraine with aura (MA) (HCCIHS, 1988) . In case of MA, the patients report a distinct phase of focal neural disturbances named as "aura" preceding or accompanying the headache while in MO such disturbances are not found (HCCIHS, 2004) . The aetiology of migraine is complex and multifactorial, involving coordination of both genetic and environmental components (Piane et al., 2007; Kundal et al., 2016) . The genetic component of migraine is polygenic in nature with a number of susceptibility genes that are known to influence the risk of migraine. The changes in the vascular endothelial functioning have been observed in migraineurs (Colson et al., 2007; Kundal et al., 2016) . Therefore, genes which are known to be linked with vascular or endothelial functioning have become prime candidates that may be involved in migraine pathogenesis. Two important vascular genes that have been taken up in the present study are MTHFR and ACE.
MTHFR (Methylenetetrahydrofolate reductase) enzyme converts the substrate 5,10-MTHF (methylenetetrahydrofolate) into 5-MTHF (methylenetetrahydrofolate) which is the principal form of folate in blood circulation. In the process of re-methylation of homocysteine to methionine 5-MTHF acts as carbon donor. (Frosst et al., 1995; Heux et al., 2004; Raina et al., 2016 b) . The human MTHFR gene has been mapped to chromosome 1 (1p36.3). A common variant of the MTHFR gene is C677T in which valine (val) replaces alanine (Ala) by mutation at codon position 222. It has been reported that the enzymatic activity of MTHFR gets reduced in persons with Val residue with the mean enzymatic activity of 30% in (TT) homozygous (Val/Val) state and 65 % in the (CT) heterozygous (Ala/Val) state (Frosst et al., 1995) . This reduced MTHFR activity can lead to elevation in plasma homocysteine levels particularly when intake of folate is less (Frosst et al., 1995; Wald et al., 2002) . The increased homocysteine level is linked with the elevation of risk of vascular diseases and neurological conditions such as migraine (Frosst et al., 1995; Raina et al., 2016 a, Raina et al., 2016 .
Angiotensin converting enzyme (ACE) is a zinc metalloenzyme which functions in several tissues, including vascular and endothelial cells and is known for regulating blood pressure and electrolytic balance (Yang et al., 2006) . In RAAS (rennin-angiotensin-aldosterone system) ACE is one of the chief enzyme which converts angiotensin I into angiotensin II, an effective vasopressor (Costerousse et al., 1997; Kundal et al., 2016 
Objectives
The impact of MTHFR and ACE gene variations has been studied across worldwide populations. However, results for the potential association of these two gene polymorphisms with the risk of migraine remain controversial as some studies depicted significant association while others showed no association at all. Taking into account the paucity of the data on the relationship of MTHFR and ACE gene polymorphisms with migraine in North Indian population of Jammu the present work was undertaken to investigate the likely association of MTHFR C677T and ACE I/D polymorphisms with migraine susceptibility. This is the first attempt to evaluate the involvement of gene polymorphisms of these two important candidate genes of vascular function with migraine risk of Jammu population.
MATERIALS AND METHODS

Subjects
The subjects comprised of 102 migraine patients and 150 non-migrainous healthy unrelated controls. Among 102 migraine patients, 75 were sufferer of migraine without aura (MO) and 27 were patients of migraine with aura (MA). Identification of migraine patients were done according to the criterion and classification of the International Headache Society (HCCIHS 2004) by concerned medical practionner. The migraine patients were enrolled from Out Patient Department (OPD) of Neurology Department, Govt. Super Speciality Hospital, Jammu where as controls were recruited from premises of University of Jammu. A written consent was obtained from each patient and study was ethically approved by Animal and Human Experimentation Ethical Committee (AHEEC), University of Jammu..
Blood sample collection and DNA isolation
3 ml of whole blood was taken from each study participants by venipuncture into EDTA coated vials. Phenol-Chloroform-Isoamyl alcohol method (Sambrook and Russel, 2001 ) with slight changes was used for the isolation of genomic DNA from stored blood samples. The qualitative analysis of isolated genomic DNA was done by 0.8% Agarose gel electrophoresis and the quantitative analysis was done by Spectrophotometry.
Determination of MTHFR C677T polymorphism
Various genotypes of MTHFR gene for The obtained 198 bp length PCR products (Fig 1) was then given a restriction digestion with Hinf I restriction endonuclease. The products of restriction digestion were detected by electrophoresis usind 3.5 % agarose gel stained with ethidium bromide. The obtained digested products included 198 bp for wild (CC) genotype, 198, 175 and 23 bp for heterozygous (CT) genotype and 175 and 23 bp for mutant (TT) genotype. (Fig  2) 
Determination of ACE ID polymorphism
Insertion-Deletion polymorphism of ACE gene was determined by polymerase chain reaction (PCR) using a pair of oligonucleotide primers as done by Kundal et al. (2016) . The forward primer sequence was 5'-CTG GAG ACC ACT CCC ATC CTT TCT-3' and reverse primer sequence was 5'-GAT GTG GCC ATC ACA TTC GTC AGA T-3'. The amplification products were obtained using reaction system containing100 ng genomic DNA, 13 µl dH 2 O, 5X Flexi buffer, 200 µM dNTPs, 0.2 µM of each primer, 1.5 mM MgCl 2 and 1.25 U Taq polymerase on Applied Biosystems (Veriti).
The homozygous subjects (II) with insertion allele were recognized by the presence of a single 490 bp product fragment, while the homozygous (DD) for the deletion allele were recognized by single 190 bp product fragment and the heterozygous subjects (ID) with both insertion and deletion alleles were recognized by the occurrence of both 490 bp and 190 bp fragments. (Fig 3) 
Statistical analysis
In order to evaluate the significant difference between observed and expected genotypes among migraine cases and controls Hardy Weinberg equilibrium calculations were done. The association of MTHFR C677T and ACE ID polymorphisms with migraine susceptibility was analyzed by calculating the odds ratio (OR) with 95% confidence interval (CI)
RESULTS
MTHFR C677T polymorphism
Genotypic frequencies among patients were not in agreement with Hardy Weinberg equilibrium. Heterozygous (CT) and variant (TT) genotypes were absent among controls. However, the overall frequency of T allele in patients was found to be 0.02. The genotypic and allelic distribution for MTHFR C677T polymorphism was shown in Table 1 . Due to absence of heterozygous and homozygous variant genotypes in control group, we were not able to apply genetic models for evaluating risk or protection conferred by genotype combinations towards migraine progression. However, we found that T allele was present only in patients indicating that the allele might have a positive role in migraine development especially in migraine without aura ( Table 2 ). The different genotypes obtained on the whole in patients (cases) and controls depicted in Table 3 .
ACE I/D polymorphism
The genotypic and allelic allocation of study participants were presented in Table 4 . The genotypic frequencies were in accordance with Hardy Weinberg equilibrium among control group whereas a significant deviation from Hardy Weinberg equilibrium was found in patient group. Overall, frequency of risk (D) allele was higher in patients (0.51) as compared to controls (0.4). Logistic regression analysis for genotype combinations were given in Table 5 , 6 and 7. Among sub-groups of migraine patients, significant differences were observed in the frequency of DD genotype in MO when compared with control group (OR=2.76; 95% CI=1.28-5.96; p =0.008).
The risk allele D was observed to give nearly 1.7 folds risk towards MO in the studied Table 6 .
Combined analysis of migraine patients with ACE I/D polymorphism was given in Table  7 . OR analysis revealed that DD vs II genotype and D vs I allele combination was providing approximately 2.5 folds and 1.6 folds risk for migraine susceptibility in population of Jammu region. Furthermore, it could be speculated that ACE I/D polymorphism had a significant role in development of MO but not MA in studied population.
DISCUSSION
Migraine is one of the commonest neurological disorders that puts a significant burden on society socially as well as financially. Its aetiology is complex and usually involves alteration in vascular functioning. Thus, genes involved in vascular functioning become the prime candidates that are invoved in migraine pathogenesis. The aim of this study was to find the relationship between MTHFR and ACE gene polymorphisms and migraine in the population of Jammu region.
MTHFR is the critical enzyme of homocysteine metabolism and is invoved in Since, in the present study we didnot get a significant association of MTHFR C677T polymorphism with migraine due to absence of CT and TT genotypes in control population. But the results of the present study showed higher frequency of CT and TT genotypes as well as T-allele in patient group thereby suggesting a possible association of T allele with disease outcome. In a study done in Chinese population, it was observed that the frequency of T allele was significantly higher in migraine without aura (MO) than in controls , which was compatible with present investigation. Also another study done on population of North India failed to establish an association of MTHFR C677T variant with migraine susceptibility (Joshi et al., 2009; Kaur et al., 2018 ). An investigation on Kashmiri population done by Pandith et al., (2017) for MTHFR gene C677T polymorphism also showed no role in predisposition to the migraine. Likewise our results, prior reports on MTHFR C677T polymorphism in Jammu region were also in support of lower prevalence of CT genotype and lack of TT genotype in control population (Raina et al., 2016 b) . In another study on cardiovascular disorders in Jammu region (Raina et al., 2016 a) also reported complete absence of CT and TT genotypes in female control group. The findings of the present work were in concordance with previous studies done in population of Jammu region. Overall, we found higher prevalence of CC genotype and C allele in study population of Jammu region.
(ACE) is one of the chief components of RAAS which is involved in transformation of angiotensin I to the vasoactive angiotensin II (Rigat et al., 1990) , thus modulating vascular tension and blood pressure. An elevation in circulating ACE levels may disturb neurovascular activity due to the alteration in the levels of neurotransmitters (Kowa et al., 2005) . The DD genotype of ACE gene is found usually associated with is also associated with he raised frequency of attacks of migraine in patients of MO (Paterna et al., 2000) . Similarly, Pizza et al., (2013) found higher frequency of DD genotype i.e. 50% in migraine patients which was significantly higher than that observed in controls 34% in Italian population. The presence of D allele has been linked to both MO and MA where as other researchers have shown its association with MA alone (Kowa et al., 2005; Lea et al., 2005) . A case-control study from Taiwan did not reveal any differences in ACE allelic frequencies between migraine cases and controls, but strikingly the ACE-DD variant conferred slight protective effect against migraine in male patients (Lin et al., 2005) . In our study, we establish that DD genotype and D allele of ACE gene was significantally associated with migraine in general and migraine without aura (MO) in particular as compared to healthy controls in the North population of Jammu province of J&K. These findings were in conformity with previous study done in Italian population by Paterna et al., (2000) in which the higher prevalence of DD genotype (48.34%) was found in MO patients than that of controls (37.32%) suggesting a significant association (p < 0.05) of ACE DD genotype with migraine without aura (MO). In an another study on North-Indian population have shown higher frequency of DD genotype (12%) in migraine patients when compared to healthy controls (8%), but the study failed to generate a significant relationship between DD genotype and migraine. 
CONCLUSION
The present communication has reported the presence of MTHFR 677 CT genotype and variant T allele only in cases but not in controls which suggests a possible involvement of variant T allele in migraine development whereas ACE I/D polymorphism analysis revealed that D allele and DD genotype is considerably associated with the risk for migraine in population of North India (Jammu region). The data generated in the present research work will serve as baseline for conducting further candidate gene studies on migraine susceptibility on larger sample size.
